INTRODUCTION

METHODS
SAMPLING
Tissue samples were obtained from mm-relets from throughout their range ( Fig. 1 In the present study, DNA was extracted from tissue samples, and a 1,045 base pair (bp) fragment of cytochrome b was amplified using the primersL14841 (Kocher et al. 1989 )andH16065 (located in the tRNAthr; Bit-t and Baker, unpubl. data) using standard protocols (Bitt and Baker, unpubl. data). Amplification products were subjected to electrophoresis in 2% agarose gels containing 1 lg/mL ethidium bromide, then excised from the gel. Gel slices were diluted with 100 PL H,O and melted at 90°C and 1 CLL was used as template for a second amplification that included 1 PCi 35S-a-dATP. Because the efficiency of detection of either SSCPs or HDs declines as the length of the amplification product increases, the fragment analyzed in the present study was cleaved into two segments, one -500 bp and one -550 bp, using the restriction endonuclease Mbo I. For analysis of SSCPs, 1 FL of radiolabeled DNA was combined with 9 HL of a loading buffer containing 95% formamide, 10 mM NaOH, 0.05% bromophenol blue and 0.05% xylene cyanol. Samples were heated to 95°C for 5 min, then plunged into ice-water for 2 min. 5 rL of the product was subjected to electrophoresis in a 20 cm x 45 cm, 0.5 x HydroLinkn MDE (J. T. Baker, Phillipsburg, NJ) polyacrylamide gel at 6 W for 48 hr at ambient temperatures. Results were visualized by autoradiography for -18 hr. For HD analysis, 1 WL of radiolabeled DNA was combined with 1 FL of a standard and 2 PL water, heated to 95 "C for 3 min, then cooled to 25°C over 30 min. 1 ,uL of tracking dye (50% sucrose, 5 x TBE buffer, 0.05% bromophenol blue and 0.05% xylene cyanol) was added and samples were run in a 1 x MDE gel at 600 V for 24 hours. Results were visualized by autoradiography for -18 hr.
Complete nucleotide sequences were determined for individuals with variant genotypes using standard protocols (Bit-t and Baker, unpubl. data). Briefly, DNA remaining from the first set of amplifications (above) was purified using GeneClean@ II kits (Bio-101; Vista, CA) according to the manufacturer' s directions, and double-stranded sequencing was conducted with Sequenase@ kits (U.S. Biochemicals; Cleveland, OH) using one of the amplification primers or four internal primers as described in Birt and Baker (unpubl. data). Ten birds that appeared from analysis of SSCPs and HDs to possess the most common genotype for North American Marbled Murrelets (type Bml) also were sequenced to estimate the proportion of variation that was undetected from SSCPs and HDs. Sequences were aligned by eye and were confirmed by sequencing complementary strands (approximately 40% of base pairs).
The extent of differentiation of cytochrome b sequences among sampling sites was assessed using three indices. The among-site component of variation (GST) was calculated using the program AMOVA and was tested for significance by randomization (Excoffier et al. 1992). Because G,, tends to decline as the number of genotypes increases, we also calculated the mutational divergence among sites (y), which is the probability that any two individuals chosen at random from different sites will have different genotypes ( Maximum parsimony analysis of cytochrome b sequences was conducted on PAUP (version 3.1.1; Swofford and Begle 1993) using the branchand-bound search algorithm with mid-point rooting and no specified outgroup. Starting trees were generated using the ' closest' addition option, and ' tree bisection-reconstruction' was used for branch-swapping. Support for phylogenetic relationships was evaluated by bootstrapping. A neighbor-joining tree (Saitou and Nei 1987) also was constructed using Kimura' s (1980) two-parameter correction for multiple hits (MEGA version 1.0; Kumar et al. 1993 ). Support for phylogenetic relationships was assessed using both standard error tests (Rzhetsky and Nei 1992, 1993) (Kirby 1975 ) using Biosys-1, and was tested for significance by jackknifing across loci (Weir 1990 Both maximum parsimony analysis and neighbor-joining grouped sequences of North American Marbled and Kittlitz' s Mm-relets together to the exclusion of the Long-billed Murre-100/100/100 let (Fig. 2) . This relationship received strong support both from bootstrap analyses and from standard error tests. Genotypes of Kittlitz' s Murrelets from Attu Island and Kachemak Bay also were clearly distinct, but relationships among genotypes of North American Marbled Murrelets could not be resolved. No evidence of phylogeographic structure was found among Marbled Murrelets from different sites within North America. SE heterozygosity A = 2.6 f 1.1%; Table 3 ) one Long-billed Murrelet (Z? = 1.6 + 6.6%) and four Kittlitz' s Murrelets (R = 2.6 * 1.3%; Friesen et al. 1996a). The remaining murrelets were screened for variation at these eight loci, as well as at Mdh-2 and Sod, which appear during staining for Me and Sdh, respectively. Because the larger survey does not represent a random selection of loci, it could not be used to estimate heterozygosity. Chi-square analysis of allele frequencies revealed that almost all loci were in Hardy-Weinberg equilibrium within each sampling site for Marbled Mm-relets (Table 3) . However, analysis of the total sample of Marbled Murrelets, including both North American and Asian forms, indicated significant deficiencies of heterozygotes for Got-l (x: = 8.8, P < 0.01) and 6-Pgd (xf = 5.1, P < 0.05), suggesting population subdivision, Chi-square analysis revealed that the distributions of alleles for Me and 6-Pgd were significantly non-random: no alleles were shared between the samples from Magadan and those from North America. Furthermore, jackknife analysis suggested that murrelets from different sites are genetically differentiated (Fsr = 0.27, SE = 0.036, Student' s t = 7.39, P < 0.001). Most of this variation was due to the Long-billed Mm-relets: PST between Magadan and North America was 0.39. Assuming that populations have attained equilibrium between mutation, migration and genetic drift, this value of Fs' sT suggests essentially no genetic exchange (N,m = 0.6 individuals per generation) between the two forms.
ALLOZYMES
Chi-square tests did not reveal any differences in allele frequencies among Marbled Murrelets from different sites within North America; however, a significant deficiency of heterozygotes was found for the total North American sample for Got-l (x: = 6.2, P < O.Ol), suggesting population subdivision. ps;,, for murrelets within North America was low, but jackknife analysis indicated that it was significantly greater than zero and was not due to any one site (ps;,, = 0.09, SE = 0.009, Student' s t = 9.55, P < 0.001). Assuming that the populations are in genetic equilibrium, this value of ps;,, suggests genetic exchange of -2.6 individuals per generation.
Although the number of Kittlitz' s Murrelets that were sampled was extremely low, no loci appeared to be out of Hardy-Weinberg equilibrium within either of the two sampling sites.
However, a significant deficiency of heterozygotes was found for Me for the total sample (x: = 4.27, P < 0.05). Chi-square tests revealed significant differences in allele frequencies for both cy-Gpd (x: = 7.2, P < 0.05) and Me (XT = 10.4, P < 0.01) and ps' ,, was high (0.40) suggesting genetic exchange of only -0.40 individuals per generation between these sites.
Maximum likelihood analysis of allele frequencies provided strong support for a monophyletic relationship among Kittlitz' s Murrelets and North American Marbled Murrelets, with Long-billed Murrelets forming the basal lineage (Fig. 3) . Marbled Murrelets from Alaska formed a monophyletic group distinct from the sample from Oregon; other relationships were not strongly supported. Despite small sample sizes, genetic differentiation also was evident among both Kittlitz' s Murrelets and Marbled Mm-relets from different sites within North America (Tables 2, 3; Figs. 2,  3 ). Kittlitz' s Murrelets from Attu Island and Kachemak Bay exhibited differences in cytochrome b sequences and allozymes, indicating a subdivided population structure in this species. Marbled Murrelets from different sites within North America also displayed significant variation in allozymes. Although cytochrome b sequences did not exhibit any evidence of differentiation among sites, substitutional relationships among genotypes suggest a ' starburst' phylogeny (Fig. 2) in-dicative of recent expansion of a bottlenecked population. These sites all occur in areas that were glaciated during the Pleistocene, so are probably less than 10,000 years old. Thus, insufficient time may have passed for the evolution of population-specific markers in cytochrome 6. Nuclear DNA is less vulnerable to population bottlenecks than is mtDNA, and so will retain more variation from the ancestral population. Sufficient variation would have been present for the evolution of population markers through founder effects and genetic drift. Results for murrelets contrast markedly with those for the Atlantic population of Thick-billed Murres (Uria lomvia, a related alcid), which exhibited no differentiation among colonies in either cytochrome b sequences (G,, = 0.002, Friesen et al. 1996~) or allozymes (ps' ,, = 0.02; Friesen, unpubl. data), despite evidence from band returns of strong natal philopatry (e.g., Noble et al. 199 1). A thorough assessment of the extent of population genetic differentiation in both North American Marbled and Kittlitz' s Murrelets is clearly merited, especially since both species are in decline. Such a study will require analysis of more rapidly evolving loci, such as the mitochondrial control region, nuclear introns, or microsatellite loci, from a larger number of birds.
DISCUSSION
